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(57) A method for distributing digital medical images 
comprising: 

providing an unenhanced digital medical image for 
storage on an image archive; 
providing an image archive for storage of said un- 
enhanced digital medical image; 
providing an image server for distribution of said un- 
enhanced digital medical image from said image ar- 
chive; 

providing an image requesting system to request 
said unenhanced digital medical image stored in 
said image archive from said image server; 
providing a mechanism for said image server to de- 
termine the processing capabilities of said image 
requesting system; such that 
if said processing capabilities of said image re- 
questing system include enhancement processing, 
said jmage server retrieves said unenhanced digital 
medical image from said image archive and said im- 
age server transmits the said unenhanced digital 
medical image to said image requesting 
system; and 

if said processing capabilities of said image re- 
questing system does not include enhancement 
processing, said image server retrieves said unen- 
hanced digital medical image from said image ar- 
chive, said image server performs image enhance- 
ment on said unenhanced digital medical image to 



produce an enhanced digital medical image and 
said image server transmits said enhanced digital 
medical image to said image requesting system. 
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Description 

[0001] This invention relates in general to digital med- 
ical imaging and in particular to the storage and retrieval 
of images in a digital archive system. 
[0002] Picture Archiving and Communication Sys- 
tems (PACS) typically consist of digital acquisition mo- 
dalities, digital image archives, diagnostic viewing work- 
stations and laser film printers. Digital acquisition mo- 
dalities include computed radiography (CR), direct dig- 
ital radiography (DR), computed tomography (CT) and 
magnetic resonance (MR) among others. The typical 
workflow is forthe image to be acquired at the modality 
and digital processing performed either on the modality 
console or on a dedicated quality control workstation pri- 
or to transmitting the image to the archive, workstation 
or printer. In the case of CR and DR in particular, im- 
proved image quality and utility can be achieved if the 
image that is used by the diagnostic workstation does 
not have the enhancement processing that is performed 
by the modality applied. However, few workstations can 
interactively perform this level of processing. In an open 
systems environment such as DICOM (Digital Imaging 
Communications in Medicine), there is a need to fulfill 
high quality images to systems with varying levels of 
processing capability. Therefore, a need exists to store 
and transmit either the unenhanced or enhanced imag- 
es based upon the capability of the device that receives 
the images. 

[0003] Current state of the art DICOM medical image 
archives provide storage of patient images that are 
ready for transmission and display on approved and val- 
idated DICOM display workstations. In a typical scenar- 
io, a workstation will query an archive for a list of images 
that meet certain selection criteria. The archive re- 
sponds with a list of images, if any, resident on the ar- 
chive which meet those criteria. The workstation may 
then request some or all of the available images to be 
transmitted to the workstation. The archive then re- 
trieves the selected images from storage and transmits 
them to the workstation. In this scenario, since all imag- 
es are display-ready, the archive may simply transmit 
the image data without adjustment to the processing ca- 
pabilities of the requesting device. The present inven- 
tion allows the storage and transmission of images that 
are not display-ready by applying enhancements prior 
to distribution to a workstation which cannot perform the 
required processing and transmitting the unenhanced 
version of the image to workstations capable of perform- 
ing the enhancement processing. 

[0004] A recently adopted part of the DICOM standard 
(Digital Imaging and Communications in Medicine PS 
3.3-1999, National Electrical Manufacturers Associa- 
tion, 1999) partially addresses the management of im- 
age data which is enhanced or unenhanced. The con- 
cept is presented in the DX Series Module by the intro- 
duction of Presentation Intent Type. This tag may have 
the value of FOR PRESENTATION or FOR PROCESS- 



ING. If the value of the tag is FOR PRESENTATION, the 
image has been enhanced such that the image may be 
displayed without additional processing required. If the 
value of the tag is FOR PROCESSING, the image must - 

5 undergo additional enhancement processing prior to 
display and interpretation. The intent of FOR PROCES- 
ING image data is to allow more capable systems which 
can perform the required enhancement processing to 
do so while still using a DICOM image object while pre- 

10 serving the capability to provide image data that is dis- 
play-ready by the use of FOR PRESENTATION. The 
standard does not however, indicate how these different 
types of image processing levels should be managed. 
While several methods are possible, the present inven- 

15 tion discloses one method of managing image data that 
is unenhanced. 

[0005] U.S. Patent 5,179,651, issued January 12, 
1993, inventors Taaffe, et al., describe a methodology 
whereby an image archive / processor combination can 

20 perform enhancement processing on an image prior to 
transmission to a display workstation if the workstation 
requests the processing to be performed by the image 
archive / processor. While this is similar to the present 
invention, the workstation initiates the request for 

25 processing given the complexity of the required 
processing task and the available workstation resourc- 
es, in the present invention, the image server deter- 
mines what processing should be performed prior to 
transmission. This removes the requirement of the 

30 workstation to request the level of processing desired. 
While this is a possible implementation to achieve a sim- 
ilar result, it imposes additional requirements on the 
workstation which are removed in the present invention. 
[0006] U.S. Patent 5,551,428, issued September 3, 

35 1996, inventors Godlewski, et a!., describe a system to 
apply different enhancement parameters to an image 
based on destination or physician preference. This is re- 
lated to the present invention in that a database of en- 
hancement parameters is managed by the image 

40 source in which the parameters can be varied for each 
physician. The key difference is that the image data is 
pushed from the image source to the output device, a 
film printer. The present invention responds to queries 
from the destination with the appropriate processing lev- 

45 el applied to the image data for the requesting worksta- 
tion. 

[0007] U.S. Patent 4,780,821, issued October 25, 
1988, inventor Crossley, describes a method for a serv- 
er computer to determine if a remote computer has the 

50 ability to run a requested application or gain access a 
particular type of data. Again, this is similar to the 
present invention except that if the server computer 
does not permit access to the application or data, the 
remote computer does not receive any data or applica- 

55 tion to satisfy the request. In the present invention, the 
image data is not denied if the requesting workstation 
does not have the ability to process the image data, in- 
stead the requested image is first enhanced, allowing 
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the requesting workstation to properly display the im- 
age. 

[0008] According to the present invention, the draw- 
backs described are eliminated. 

[0009] According to a feature of the present invention, 
there is provided a method for distributing digital medical 
images comprising: 



sition modality to distribute imagery to workstations or 
archives. 

[0014] Fig. 4 is a flow chart for distribution of images 
from a modality which shows the steps necessary for a 
5 modality to send an enhanced or unenhanced image to 
a destination. 

[0015] A DICOM network is used in the preferred em- 
bodiment of the invention and as such, DICOM terms 
are used to describe component relationships and 
transactions. Also, image enhancement is not limited to 
a single algorithm performed on the image data. Multiple 
algorithms are typical in medical imaging to enhance an 
image including, but not limited to, tonescale generation 
and application, spatial processing, dynamic range ad- 
justment and masking. The multiple individual algo- 
rithms should ail be considered under the general term 
image enhancement. 

[0016] In general, a digital image archive and server 
are used to manage the storage, processing and trans- 
mission of images among multiple modalities and med- 
ical imaging workstations. A modality stores images on 
the archive and a workstation retrieves an image from 
the image server. In the present invention, the image 
server acquires the requested image from the archive 
and performs any necessary processing prior to trans- 
mission to the requesting workstation. Consider four 
types of devices: an imaging modality which produces 
enhanced imagery, an imaging modality which produces 
unenhanced or enhanced imagery, a viewing system 
which can process unenhanced imagery and a viewing 
system which cannot process unenhanced imagery or 
alternatively can only display enhanced imagery. Forthe 
case of an imaging modality which produces enhanced 
images only, the enhanced image is transmitted to the 
archive by the modality. When a workstation requests 
this image from the image server, the image server re- 
trieves the enhanced image from the archive and imme- 
diately transmits the image to the requesting worksta- 
tion, regardless of the capabilities of the workstation. For 
the case of an imaging modality which can distribute un- 
enhanced imagery, the unenhanced images are trans- 
mitted to the archive by the modality. When a worksta- 
tion requests this image from the image server, the im- 
age server determines if the requesting workstation can 
properly process the unenhanced image. If the image 
server determines that the workstation can process the 
image, the image server retrieves the unenhanced im- 
age from the archive and immediately transmits the im- 
age to the requesting workstation. If the image server 
determines that the workstation cannot process the im- 
age, the image server first retrieves the unenhanced im- 
age from the archive and then performs the enhance- 
ment processing on the retrieved image prior to trans- 
mitting the image to the requesting workstation. While 
DICOM does not specify th is level of data management, 
this system can be implemented to be fully DICOM com- 
pliant 

[0017] Fig. 1 shows a block diagram of the preferred 



providing an unenhanced digital medical image; 
providing an image archive for storage of said un- 10 
enhanced digital medical image; 
providing an image server for distribution of said un- 
enhanced digital medical image from said image ar- 
chive; 

providing an image requesting system to request 15 
said unenhanced digital medical image stored in 
said image archive from said image server; 
providing a mechanism for said image server to de- 
termine the processing capabilities of said image 
requesting system; such that 20 
if said processing capabilities of said image re- 
questing system include enhancement processing, 
said image server retrieves said unenhanced digital 
medical image from said image archive and said im- 
age server transmits the said unenhanced digital 25 
medical image to said image requesting system; 
and 

if said processing capabilities of said image re- 
questing system does not include enhancement 
processing, said image server retrieves said unen- 30 
hanced digital medical image from said image ar- 
chive, said image server performs image enhance- 
ment on said unenhanced digital medical image to 
produce an enhanced digital medical image and 
said image server transmits said enhanced digital 35 
medical image to said image requesting system. 

[0010] The invention has the following advantages 
over the prior art: 

40 

1. This invention enables unenhanced imagery to 
be transmitted throughout a network without risk of 
improper display by a less capable system. 

2. This invention may be fully implemented in a DI- 
COM network. 45 

[0011] Fig. 1 is a block diagram of an image archive/ 
image server system for distribution of enhanced and 
unenhanced imagery showing the architecture for the 
acquisition modalities, archive, server and diagnostic so 
workstations. 

[0012] Fig. 2 is a flow chart for query and retrieval of 
images which shows the processing steps necessary for 
requesting and receiving enhanced or unenhanced im- 
agery based on workstation capabilities. 55 
[0013] Fig. 3 is a block diagram of an acquisition mo- 
dality system for distribution of enhanced and unen- 
hanced imagery showing the architecture for an acqui- 
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embodiment of the image archive / image server system 
according to the present invention. Two digital imaging 
modalities are shown. Digital modality 1 -101 A supplies 
image data that has not been enhanced. Digital modality 
2-1 01 B supplies image data that has already been en- 
hanced. Both digital modality 1-101 A and digital modal- 
ity 2-1 01 B transmit acquired images to the image ar- 
chive 1 02 for storage. Digital modality 1 -1 01 A includes 
a special DICOM tag in the header, which denotes that 
the image is unenhanced. This special tag may be an 
existing element such as "Presentation Intent" in the Di- 
rect Radiography (DX) module or the special tag may 
be a private DICOM element. The image archive 1 02 is 
strictly an image storage device, no additional image 
processing occurs on the image archive 1 02. The image 
. server 103 works with the image archive 102 such that 
the image server 103 performs enhancement process- 
ing on stored images as needed. The needforthe image 
server 103 to perform enhancement processing is de- 
pendent on the capabilities of the requesting device. 
Each device that can request images from the image 
server 103 has an entry in the access control list 104. 
In the preferred embodiment, a field is included in the 
access control list 1 04 for each requesting device, which 
denotes if that particular device can process unen- 
hanced imagery. 

[0018] Diagnostic workstation 1-1 05 A has the capa- 
bility to perform enhancement processing on images it 
receives. When diagnostic workstation 1-1 05A requests 
an image from the image server 103, the image server 
1 03 retrieves the image from the image archive 1 02 and 
checks the header for the special unenhanced image 
tag. If the image is enhanced, the image server 103 
transmits the image to workstation 1 -1 05A. If the image 
is unenhanced, the image server 1 03 checks the access 
control list 1 04 and determines that workstation 1 -105 A 
can receive unenhanced imagery. The image server 1 03 
then transmits the unenhanced image to workstation 

1- 1 05A. 

[0019] Diagnostic workstation 2-1 05B does not have 
the capability to perform enhancement processing on 
images it receives. When diagnostic workstation 2-1 05B 
requests an imagef rom the image server 1 03, the image 
server 103 retrieves the image from the image archive 

1 02 and checks the header for the special unenhanced 
image tag. If the image is enhanced, the image server 

103 transmits the image to workstation 2-1 05B. If the 
image is unenhanced, the image server 1 03 checks the 
access control list 104 and determines that workstation 

2- 1 05B cannot receive unenhanced imagery. The image 
server 1 03 then applies enhancement processing on the 
image and transmits the enhanced image to workstation 
2-1 05B. It should be noted that in the last case, since 
the pixel data has been modified by the image server 
103, a new DICOM series unique identifier (UID) must 
be associated with the image in the DICOM header. 
[0020] For a more detailed description of the request- 
ing, image processing and transmitting process, refer to 



Fig. 2. This is a flow chart of typical image request and 
transmission steps in the preferred embodiment. First, 
the user of a workstation queries the image server for a 
list of images 201 based on a set of input criteria. Patient 

5 name, accession number and date are typical query pa- 
rameters. The image server then provides the result of 
the query 202 to the requesting workstation. The user 
then selects the image(s) to transfer 203 and the work- 
station then request the selected image(s) from the im- 

10 age server 204. The image server then retrieves the im- 
age(s) from the image archive 205. Next, the image 
server checks for the special tag in the image header 
which denotes if the image is enhanced 206. If the tag 
specifies that the image is enhanced, the image server 

15 sends the enhanced image to the workstation 207. If the 
tag is not present, it is assumed that the image is en- 
hanced. If the tag specifies that the image is unen- 
hanced, the image server then checks the capabilities 
of the requesting workstation in the access control list 

20 208 and determines if the workstation accepts unen- 
hanced data 209. If the workstation accepts unen- 
hanced data, the image server transmits the unen- 
hanced image to the workstation 210. If the workstation 
does not accept raw data, the image server applies the 

25 enhancement processing 211 and subsequently trans- 
mits the enhanced image to the workstation 21 2. 
[0021 ] Fig. 3 shows an acquisition modality system for 
distribution of enhanced and unenhanced images. Dig- 
ital Modality 301 produces enhanced and unenhanced 

30 data. The access control list 302 provides information 
regarding enhancement capability for each image des- 
tination of the digital modality 301 . In this example, the 
image destinations are as follows. Diagnostic Worksta- 
tion 1-303A has enhancement processing and display 

35 capability. Diagnostic Workstation 2-303B has only dis- 
play capability, or alternatively, no enhancement capa- 
bility. Image Archive 1-304A has no enhancement 
processing. Image Archive 2-304B has image enhance- 
ment capability via the Image Server 304. The process 

40 for determining the image to distribute to each destina- 
tion is described in Fig. 4. First, an image is selected for 
transmission to a destination 401 . The modality checks 
destination in the access control list 402. If the destina- 
tion is determined 403 to accept unenhanced data, the 

45 modality sends the unenhanced image to the destina- 
tion 404. If the destination is determined 403 not to ac- 
cept unenhanced data, the modality applies enhance- 
ment processing to the unenhanced image 405 and 
sends the enhanced image to the destination 406. 

so [0022] Additional information about the image 
processing performed may be tracked, although it is not 
required for implementation. For example, an audit trail 
may be stored with the enhanced image including the 
image processing algorithms and parameters, the date 

55 and the individual selecting the enhancement. Also, in- 
formation referencing the original unenhanced image 
may be kept with the enhanced version to facilitate re- 
trieval of alternate versions. In the same manner, after 
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an image has been enhanced information may be 
stored with the unenhanced version indicating the en- 
hanced version exists and where it may be located. 
[0023] There are alternatives to the preferred embod- 
iment that warrant mention. In the preferred embodi- 5 
ment, the modality appends a special DICOM tag de- 
noting an image is unenhanced. An alternative is for the 
image server to be programmed such that all images 
from a given modality are handled as unenhanced. The 
image server may also be programmed such that all im- 10 
ages from a given modality are handled as enhanced. 
Also in the preferred embodiment, the access control 
list contains information regarding enhancement 
processing capability for each workstation. Alternatives 
to this include having the workstation send a message is 
to the image server stating the ability to process unen- 
hanced imagery. Also, the image server may be directly 
programmed with information regarding the ability of 
any workstation to receive unenhanced imagery. 
[0024] The ability to transmit unenhanced or en- 20 
hanced imagery based on the capability of the receiving 
device is not limited to the image server. An acquisition 
modality itself may act as the image server of the 
present invention. In this case, when an image is trans- 
mitted from the modality, the capabilities of the receiving 25 
system are determined from the access control list. The 
receiving system may be a diagnostic workstation or an 
image archive. 

30 

Claims 

1. A method for distributing digital medical images 
comprising: 

35 

providing an unenhanced digital medical im- 
age; 

providing an image archive for storage of said 
unenhanced digital medical image; 
providing an image server for distribution of 40 
said unenhanced digital medical image from 
said image archive; 

providing an image requesting system to re- 
quest said unenhanced digital medical image 
stored in said image archive from said image 45 
server; 

providing a mechanism for said image server 
to determine the processing capabilities of said 
image requesting system; such that 
if said processing capabilities of said image re- 
questing system include enhancement 
processing, said image server retrieves said 
unenhanced digital medical image from said 
image archive and said image server transmits 
the said unenhanced digital medical image to 55 
said image requesting system; and 
if said processing capabilities of said image re- 
questing system does not include enhance- 



ment processing, said image server retrieves 
said unenhanced digital medical image from 
said image archive, said image server performs 
image enhancement on said unenhanced dig- 
ital medical image to produce an enhanced dig- 
ital medical image and said image server trans- 
mits said enhanced digital medical image to 
said image requesting system. 

2. The method of claim 1 where said processing ca- 
pabilities are determined by said image server via 
an access control list. 

3. The method of claim 1 where said image enhance- 
ment includes a plurality of image enhancement al- 
gorithms. 

4. The method of claim 1 including storing an audit trail 
of said image enhancement with said enhanced dig- 
ital medical image. 

5. The method of claim 1 including storing a reference 
to said unenhanced digital medical image with said 
enhanced digital medical image. 

6. The method of claim 1 including storing a reference 
to said enhanced digital medical image with said un- 
enhanced digital medical image. 

7. The method of claim 1 where said processing ca- 
pabilities are determined by said image requesting 
system sending said processing capabilities to said 
image server. 

8. The method of claim 1 where said processing ca- 
pabilities are determined by said image server such 
that either all stored images from a single modality 
are treated as unenhanced or all said stored images 
from said single modality are treated as enhanced. 

9. The method of claim 1 where enhanced imagery is 
also managed, comprising the additional steps of: 

providing an enhanced digital medical image 
for storage on said image archive; and 
if said image requesting system requests said 
enhanced digital medical image, the said image 
server retrieves said enhanced digital medical 
image from said image archive and said image 
server transmits said enhanced digital medical 
image to said image requesting system. 

10. The method of claim 1 where said image archive 
and said image server are implemented as a single 
system. 

11. The method of claim 1 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
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image transfer and storage. 

12. The method of claim 2 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 3. The method of claim 3 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 4. The method of claim 4 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 5. The method of claim 5 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 6. The method of claim 6 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

17. The method of claim 7 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 8. The method of claim 8 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

1 9. The method of claim 9 whereby the Digital Commu- 
nications in Medicine (DICOM) standard is used for 
image transfer and storage. 

20. The method of claim 10 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
for image transfer and storage. 

21. The method for distributing digital medical images 
comprising: 

providing an unenhanced digital medical image 
on a digital image acquisition modality; 
providing a destination image display device; 
providing a mechanism for said digital image 
acquisition modality to determine the process- 
ing capabilities of said image display device; 
such that 

if said processing capabilities of said image dis- 
play device include enhancement processing, 
said digital image acquisition modality trans- 
mits the said unenhanced digital medical image 
to said image display device; and 
if said processing capabilities of said image dis- 
play device does not include enhancement 
processing, said digital image acquisition mo- 
dality performs image enhancement on said 
unenhanced digital medical image to produce 



enhanced digital medical image and said digital 
image acquisition modality transmits said en- 
hanced digital medical image to said image dis- 
play device. 

5 

22. The method of claim 21 where said processing ca- 
pabilities are determined by said image acquisition 
modality via an access control list. 

10 23. The method of claim 21 where said image enhance- 
ment includes a plurality of image enhancement al- 
gorithms. 

24. The method of claim 21 including storing an audit 
is trail of said image enhancement with said enhanced 

digital medical image. 

25. The method of claim 21 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
for image transfer and storage. 



20 

26. The method of claim 22 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
for image transfer and storage. 

25 

27. The method of claim 23 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
for image transfer and storage. 

30 28. The method of claim 24 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
-for image transfer and storage. 

29. The method for distributing digital medical images 
35 comprising: 

providing an unenhanced digital medical image 
on a digital image acquisition modality; 
providing a destination image archive/server 
40 device; 

providing a mechanism for said digital image 
acquisition modality to determine the process- 
ing capabilities of said image archive/server 
device; 

45 jf said processing capabilities of said image ar- 

chive/server device include enhancement 
processing, said digital image acquisition mo- 
dality transmits the said unenhanced digital 
medical image to said image archive/server de- 
50 vice; and 

if said processing capabilities of said image ar- 
chive/server device does not include enhance- 
ment processing, said digital image acquisition 
modality performs image enhancement on said 
55 unenhanced digital medical image to produce 

enhanced digital medical image and said digital 
image acquisition modality transmits said en- 
hanced digital medical image to said image ar- 
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chive/server device. 

30. The method of claim 29 where said processing ca- 
pabilities are determined by said image acquisition 
modality via an access control list. 5 

31 . The method of claim 29 where said image enhance- 
ment includes a plurality of image enhancement al- 
gorithms. 

w 

32. The method of claim 29 including storing an audit 
trail of said image enhancement with said enhanced 
digital medical image. 

33. The method of claim 29 whereby the Digital Com- *5 
munications in Medicine (DICOM) standard is used 

for image transfer and storage. 

34. The method of claim 30 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 20 
for image transfer and storage. 

35. The method of claim 31 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 

for image transfer and storage. 25 

36. The method of claim 32 whereby the Digital Com- 
munications in Medicine (DICOM) standard is used 
for image transfer and storage. 

30 

37. A computer storage product software for carrying 
out the method of claim 1 in a digital computer. 

38. A computer storage product software for carrying 

out the method of claim 21 in a digital computer. 35 

39. A computer storage product storing software for 
carrying out the method of claim 29 in a digital com- 
puter. 

40 
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